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@ A process for the polymerisation of vinyl chioride.

@ A process for the polymerisation of vinyl chioride
in aqueous system using a monomer-soluble, free-
radical forming initiator. The initiator is activated at
the first stage of the polymerisation partly be means
of a red-ox system comprising a metal complex
which is reduced to initiator-activating form by
means of a reducing substance. The total amount of
reducing substance is added at the beginning of the
polymerisation process and this leads to a rapid
increase to a constant polymerisation rate. The in-
itiator is eg a diacyl peroxide or a peroxy dicar-
bonate and the radical formation from the initiator
during the later part of the polymerisation is entirely
dependent on the thermal decomposition of the in-
itiator.

Xerox Copy Centre

0 209 504



1 0 209 504 2

A process for the polymerisation of vinyl chloride

The present invention relates to a process for
polymerisation of vinyl chloride, or vinyl chloride
and copolymerisable monomers, in aqueous sus-
pension using a monomsr-soluble, free-radical for-
ming initiator for which the radical formation occurs
partly by thermal decomposition and partly by
chemical activation. The invention more particularly
relates to such a process whersin the initiator is
activated by means of reduction of a water soluble
metal complex which is transferred to reduced,
initiator-activating form by addition of a reducing
substance whereby the whole amount of reducing
Substance is charged at the beginning of the poly-
merisation reaction.

Vinyl chloride homo-and copolymers are pro-
duced by suspension polymerisation or micro-
suspension  polymerisation in water using
monomer-soluble, free-radical forming initiators. In
the case of suspension polymerisation a suspen-
sion agent is employed, normally a protective col-
loid. In the case of microsuspension polymerisation
a surface active agent, an emulsifier and/or a sus-
pension agent, is employed. The most commonly
used initiators are peroxides or peroxy compounds
belonging to the groups aromatic and aliphatic dia-
cylperoxides, diaralkylperoxides, hydroperoxides,
peresters, peroxidicarbonates and of these certain
diacylperoxides and peroxidicarbonates, which are
not thermally decomposed too rapidly, are prefer-
ably used. _

The process at conventional vinyl chloride
polymerisation, whersin the effect of the initiator is
entirely dependent on the thermal decomposition,
is such that the reaction rate increases continu-
ously until the separate monomer phase is ex-
hausted and there is then a short but marked rate
maximum, the so-called max-effect, at the final
stage of the polymerisation when most of the mon-
omer has been converted to polymer. This type of
process does not give a safe operation and the
reactor cannot be used in an optimum manner, as
a rule there must be means available for emer-
gency cooling and inhibitor systems must be avail-
able. The initiator must further be carefully dosed
with regard to the cooling capacity of the reactor as
the cooling capacity would be exceeded at an
overdosage. lt is desirable that this type of poly-
merisation process can be controlled so that the
polymerisation rate will be as constant as possible,
to increase the production and to reduce the cycle
time in a given reactor. It is also desirable to
provide for the constant polymerisation yate to be
reached as rapidly as possible and it is further
desirable that the process can be carried out with-
out requirements on equipment for dosage in addi-
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tion to that normally used for vinyl chloride poly-
merisation reactors and that the process can be
carried out without introducing unstable initiators
which would lead to problems with handling, risk of
explosions efc.

It is per se known to influence the reaction
kinetics at suspension polymerisation of vinyl chio-
ride, to prevent the above described autoaccelera-
tion and increase the total polymerisation rate by
activating the initiator, which has a thermal de-
composition, by means of a red-ox system. Poly-
merisation processes of this kind are described in
the East German patent 152347 and in the Eu-
ropean patent application 0094160.

The East German patent discloses a poly-
merisation process wherein diacylperoxides and/or
peroxidicarbonates are used as initiators and are
activated by use of an oil-and/or watersoluble metal
compound and a reducing agent. It is mentioned
that the metal compound is added before the poly-
merisation or during this and that the reducing
agent is added intermittently or progressively dur-
ing the polymerisation. In the examples, according
to which dilauroyl peroxide and/or dicety! perox-
idicarbonate are used as initiators, the reducing
agent has been added continuously during the
polymerisation at a determined dosage.

The European patent application 0094169 also
discloses a polymerisation process in which the
initiator is progressively activated during the poly-
merisation by reduction of a water soluble metal
complex to a form in which it activates the initiator.
The conversion to activating form is carried out by
the intermittent or continuous addition of a reducing
agent. According to the application diacyl perox-
ides or moderately active peroxidicarbonates are
preferably used as initiators and the examples
show activation of lauroylperoxide by continuous
addition of reducing agent during the entire poly-
merisation process to a system containing different
metal complexes, such as complexes of copper
and dimethylglyoxime and of cobalt and bipyridyl.

The above described two processes certainly
give a shorter total polymerisation time, but from
certain other aspects they are not entirely satisfac-
tory. Both processes employ a combination of radi-
cal formation from the initiator through the red-ox
system and through the thermal decomposition of
the initiator. As the reducing substance is added
progressively during the polymerisation process
extra dosage equipment is required and the pro-
gressive activation of the initiator means that the
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initiator must be carefully dossd as the safety
margins with regard to the cooling capacity of the
reactor otherwise will be very small and there will
be a risk that they are exceeded.

For vinyl chioride polymerisation with initiators
of the type dilauroyl peroxide and dicetyl perox-
idicarbonate, which give a fairly slow polymerisa-
tion initiation but which are efficient during a longer
period of time, it has been suggested to use a co-
initiator. These co-initiators, which generally have
an asymmetrical configuration, have low thermal
stability and thus give a rapid initiation of the
polymerisation in a short time. A polymerisation
process of this kind is eg disclosed in the Eu-
ropean patent application 0024471. One disadvan-
tage of the co-initiator process is of course that the
advantages which are gained with regard to han-
dling and safety when using stable initiators such
as lauroyl peroxide and dicetyl peroxidicarbonate
are lost by the presence of the co-initiators which
have low stability and which demand more com-
plicated handling-and dosage processes.

The present invention offers a process for the
polymerisation of vinyl chioride in agueous suspen-
sion or microsuspension according to which the
initiator is partly activated by means of a red-ox
systemn in the initial stage of the polymerisation,
which means that the constant poly merisation rate
is reached quickly, and which process has good
reaction kinetics. The process of the invention can
be considered as an alternative to the co-initiator
systems of the type described above with one
initiator which has a more rapid thermal decompo-
sition and one which decomposes more slowly.
According to the invention the radical formation is
activated at the beginning of the polymerisation
and no progressive addition of the reducing sub-
stance is made. The process does not introduce
unstable iniiators and neither are there any re-
quirements on extra equipment for dosage in addi-
tion to what is conventionally used. The batchwise
process of the invention gives an improved utiliza-
tion of the cooling capacity of the reactor aiso at
the beginning of the polymerisation process. The
process further makes it possible to combine in-
itiator systems for use at low polymerisation tem-
peratures and hereby obtain higher safety and a
greater freedom in the selection of per-compound
than is the case when only the thermal decomposi-
tion of the initiator is used.

The present invention thus relates to a process
for the polymerisation of vinyl chioride, or vinyl
chioride and copolymerisable monomers, in aque-
ous suspension or microsuspension using a
monomer-soluble, free-radical forming per-com-
pound as initiator, in which proces? the initiator is
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initially activated by means of reduction of a water
soluble metal complex which is converted to re-
duced, initiator-activating form by initial addition of
the total amount of reducing agent.

The initiators used at the polymerisation ac-
cording to the present process are per-compounds,
such as peroxides and peroxi compounds, eg ar-
omatic and aliphatic diacyl peroxides, diaralkyl-
peroxides, hydroperoxides, peresters and perox-
idicarbonates. Per-compounds having a thermal de-
composition corresponding to a half fife which does
not exceed 30 hours, at the used polymerisation
temperature, are suitably used and the half life
should suitably not exceed 10 hours at the poly-
merisation temperature. The process of the inven-
tion will of course give the greatest advantages
with regard to both polymerisation kinetics and
safety with moderately active initiators, such as eg
dilauroyl peroxide and dicetyl peroxydicarbonate
which have half lives of 28 and 2.9 hours respec-
tively, at 55°C. It is particularly preferred to use
initiators which are solid at room temperature in the
process, as these give the safest systems with
regard to handiing, and hereby particularly solid
diacylperoxides and dialkyl peroxidicarbonates
such as dilauroyl peroxide, dimyristyl-, dicetyl,
distearyl-, dicyclohexyl-and di-4.tert.-
butyicyclohexyl-peroxidicarbonates. The initial red-
ox reaction for activation of the initiator shall have
exercised the major part of its effect during the
beginning of the polymerisation and have such a
decay rate that the contribution from this, in rela-
tion to the thermal decomposition of the initiator, is
negligible when the polymerisation rate has
reached its maximum. A system according to the
invention gives a constant polymerisation rate very
rapidly and in a safe manner. In order that this
constant rate should be as high as possible it is
required that a higher amount of initiator is
charged, compared with the normal case, as other-
wise too much initiator will be consumed already in
the initial stage. According to a preferred embodi-
ment of the present invention an excess of initiator
is thus used in a process with initial red-ox activa-
tion. Normally the initiator is used in amounts of
from 0.02 to 0.2% based on the monomer and is
adjusted within this interval with regard to among
other things the polymerisation temperature and
the polymerisation recipe. The excess in the
present process should be at least 0.1 per cent by
weight, based on the normally required amount,
and at the most 200 per cent by weight. Suitably
an excess within the range of from 1 to 100 per
cent by weight is used.

The process of the invention is used for homo-
polymerisation of vinyl chioride or for
copolymerisation of vinyl chloride and monomers
copolymerisable therewith. At copolymerisation the



amount of vinyl chloride should dominate and suit-
ably not more than 20 per cent by weight of
copolymerisable monomers, such as alkenes, vinyl
acetate, vinylidene chloride, acrylic acid,
methacrylic acid, acry! ates and methacrylates, ac-
rylonitrile and methacrylonitrile, vinyl esters etc, are
used.

The polymerisation is carried out by known
suspension and microsuspension methods. In the
case of suspension polymerisation, which is pre-
ferred, conventional suspension agents/protective
colloids are used and used in conventional
amounts, for example polyvinyl acetate, which may
be partially hydrolysed, polyvinylpyrrolidone,
polyacrylic acid, acrylic acid copolymers, water
soluble cellulose derivatives such as hydroxyethyl
and hydroxypropyl cellulose, methyl cellulose and
carboxymethyt cellulose, gelatin, starch etc. In the
case of microsuspension polymerisation, for these
methods known emulsifiers and/or suspension
agents are used. Anionic emulsifiers such as al-
kylarylsuphonates .can.for example be used and as
suspension agents cellulose derivatives and par-
tially Wydrolysedipolyvinyl acetate can for example
be used. - z

The - initial radical formation in the process is
obtaingds from chemicalvactivation. The system for
activation comprises in a known manner a complex
of a metal in a higher oxidation state which com-
plex i& water Solobls ahd can be converted to a
complex with the metal in a lower oxidation state
which.complex is soluble in the monomer phase.

The non-activating metal complex is added to,
or allowed to be formed in, the polymerisation
system from the beginning. When the complex is
of the type which is regenerated, ie brought back
to its oxidated form at the activation of the initiator,
the amount of complex can be kept very low, at a
true cataiytic level.

The total amount of reducing agent, for activa-
tion of the initiator by forming of complex in a
lower oxidation state, and metal or metal complex
is added in the initial stage of the polymerisation,
before the addition of the initiator, together with this
or after the addition of this. The reducing agent is
preferably added after the addition of the initiator.

The two forms of the metal complex, which can
be a metal salt and/or metal chelate, shall be as
selectively soluble in the aqueous phase and the
monomer phase respect ively as possible and the
reduction of -thie Thetal in the aqueous phase must
not generate radicals. Different metals which can
be subjected to-a-one-or two-electron reduction,
preferably a- one-electron reduction, such as eg
coppeft, “cobalt,” nickel, zinc, tin etc can be utilized.
The mietal can be added to the system in the form
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of its oxidated, non-initiator-activating, complex or
in the form of a water soluble salt, eg acetate,
sulphate etc, to which is then added the complex
forming substance.

In practice it has been found that copper,
which is reduced from a two-oxidation state to a
one-oxidation state, is clearly to prefer in order to
get a sufficient transfer of the complexes between
the phases. At the reduction of the metal in the
aqueous phase the formed reduced metal must
immediately be bound sufficiently strongly to pre-
vent disproportioning and precipitation of the metal
at low pH values, of metal hydroxide at higher pH
values, and thus precipitation of dimetal oxide. In
its reduced stage the metal must be transferred to
the organic phase.

The complex forming substance can be a
chelating agent of the typed described in the Eu-
ropean patent application 0094160. For inital addi-
tion of metal, complexing agent and reducing sub-
stance t0 be possible the complexing agent must
have a certain delaying effect on the reaction of the
reducing agent with the metal and particularly suit-
able complexing agents for use in the present
process are 2,2-bipyridyl, or derivatives thereof,
and nitrilotriacetic acid. Nitrilotriacetic acid is used
in combination with a suitable phase transition sub-
stance, such as a faity acid, a substituted fatty acid
or an alkylphosphoric acid. The fatty acid rest in
the fatty acid and the alkyl part in the phosphoric
acid should both suitably contain at least 6 carbon
atoms. As some examples of suitable phase transi-
tion substances can be mentioned alfabromolauric
acid and diethylhexylphosphoric acid. in relation to
the nitrilotriacetic acid the phase transition sub-
stance can be used in widely varying amounts. The
molar ratio of phase ftransition substance to
nitrilotriacetic acid is suitably within the range of
from 250:1 to 1:1, preferably within the range of
from 200:1 to 1:1.The complexing agent is selected
among other things with regard to the protective
colloid system used in the polymerisation recipe
and a complex of metal and fatty acid can, for
example, not be used without problems in systems
with polyvinyl alcohol.

The reduction of the metal complex to the
reduced, initiator activating form is carried out by
addition of a reducing substance. The reducing
substance can for example be hydrazine, hydrazine
deravative or ascorbic acid, and of these ascorbic
acid is preferred with regard to the working envi-
ronment. It is of course understood that the ascor-
bic acid can be added as a salt, eg as ammonium
salt, in order not to unneccesarily influence the pH
of the polymerisation system.
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Through the metal reduction the reducing sub-
stance leads to formation of free radicals from the
initiator and during the first stage of the poly-
merisation a large part of the free radicals will
come from this reaction, while the contribution of
free radicals from chemical activation shall be neg-
ligible at the second part of the polymerisation,
when an essentially constant polymerisation rate
has been reached, and the radicals should then
essentially come from the thermal decomposition
of the initiator. The period for chemical activation is
selected with regard to the conditions for each
system with regard to cooling capacity etc. The
rate is controlled by the amount of metal in com-
bination with the complexing system and the length
of the period is controlied by means of the reduc-
ing substance. In contrast to systems using co-
initiators, where different such co-initiators are re-
quired for each desired effect, the chemical activa-
tion according to the invention can be adjusted
steplessly and for example be given what cor-
responds to a fix half-life at a certain temperature.

The mole ratio of metal in the non-activating
metal complex to initiator should be within the
range of from 1:1000 to 1:2, suitably within the
range of from 1:500 to 1:10 an preferably within the
range of from 1:500 to 1:15. The total amount of
reducing substance which is added initially should
with regard to the red-ox reaction cormre spond to
from 0.1 to 67 per cent of the totally charged
initiator and suitably to from 1 to 50 per cent of
this.

The invention is further illustrated in the follow-
ing examples which, however, are not intended to
limit the same. Parts and per cent relate to parts
by weight and per cent by weight respectrvely.
unless otherwise stated.

Example 1

Vinyl chloride was polymerised according to a
suspension process in a 15 | autoclave equipped
with means for measuring the polymerisation ef-
fect. Two polymerisations were carried out, 1a) and
1b), and of these 1a) was carried out with initial
activation according to the invention and 1b) was a
conventional polymerisation, for comparison, with-
out chemical activation. The polymerisation recipes
and processes are evident from what is stated
below.
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Polymerisation 1a)

1. 8000 g of deionized water were charged at
40°C.

2. 7 g of polyvinyl alcohol dissoived in 200 g of
water were added together with 7.0 g of dicetyl
peroxidicarbonate.

3. 57 mg of copper(ll)-acetate, in the form of an
aqueous solution with 0.365 g/, and 36.5 mg of
2,2"-bipyridyl, in the form of an aqueous solution
with 0.57 g/, were then added.

4. The system was stirred for 10 minutes and
then evacuated for 15 minutes at 40°C.

5. 5600 g of vinyl chioride were added and the
system heated to 55°C.

6. 0.6 g of ascorbic acid dissolved in 25 g of
water were added.

7. 400 g of water were added after 1 hour and
subsequently each hour.

Polymerisation 1b

1. 6000 g deionized water were charged at
40°C.

2. 7 g of polyvinyl alcohol dissolved in 200 g of
water were added together with 3.5 g of dicetyl
peroxydicarbonate.

3.~

4. The sytem was stirred for 10 minutes and
then evacuated for 15 minutes at 40°C.

5. 5600 g of vinyl chioride were added and the
system heated to 55°C.

6.

7. 400 g of water were added after 1 hour and
subsequently each hour.

For polymerisation 1a) according to the inven-
tion a constant power generation was measured
and the pressure drop occurred after 4 hours. For
the conventional polymerisation 1b) there was a
progressively increasing power generation and the
pressure drop occurred after a little more than 5
hours.

Example 2

Two suspension polymerisations of vinyl chio-
ride were carried out at 55°C. Polymerisation 2a)
was a conventional polymerisation and 2b) a poly-
merisation according to the invention. Recipes and
processes are shown below.
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- 2a) 2b)
H20 (g) 60 60
PolyvinylL alcohol 1 (g) 0.05 0.04
Polyvinyl alcohol 2 1% (g) 6.0 6.0
Vinyl chloride (ml) 30 30
Dicetyl peroxi dicarbonate 25 42
CulID(bipyridyl) (ac)(FmoL) - 1.8
Ammonium ascorbate 50mM (g) =~ 0.36

Water, protective colloid and, for polymerisa-
tion 2b) copper catalyst, were charged and the
system was then evacuated. The initiator was dis-
“solved in vinyl chloride at room temperature and
+this solution was then charged. When the system
had reached the polymerisation temperature the
ascorbate solution, free from oxygen, was then
added for polymerisation 2b).

The polymerisation rate and the pressure de-
velopment for polymerisations 2a) and 2b) are
shown in Figure | and Il respectively.

Example 3

\hnyl chloride was polymerised in aqueous
suspension at 55°C. The actual polymerisation was
carried out as in Example 2b) but using a combina-
tion of nitrilotriacetic acid and a phase transition
substance, alfabromolauric acid, as the metal com-
plex. The polymerisation recipe was as follows:
H.0 70 g
Methocel (1%) 3 g
Alfabromolauric acid 38 mg
Nitrilotriacetic acid (1ImM) 1 g
Cu(l) TmMO08g
(added as sulphate)
Dicetylperoxydicarbonate 73 g
Vinyl chloride 50 mi
Ammoniumascorbate 35 nmol
Ammonia and acetic acid added to pH 7.

An almost constant power generation was

reached from start and retained during the entire
polymerisation. b
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In a similar polymerisation test a combination
of nitrilotriacetic acid and diethylhexylphosphoric
acid was used. This system was used in a poly-
merisation recipe with polyvinyl alcohol and also in
this case an increase in power generation at the
beginning was obtained in comparison with a con-
ventional polymerisation process.

Claims

1. A process for the polymerisation of vinyl
chloride, or vinyl chloride and copolymerisable
monomers, in aqueous suspension or microsuspen-
sion, using a monomer-soluble, free-radical forming
per-compound as initiator, characterized in that the
initiator is initially activated by reduction of a water
soluble metal complex which is converted to re-
duced, initiator-activating form by initial addition of
the total amount of reducing substance.

2. A process according to claim 1, character-
ized in that the initiator has a thermal stability
corresponding to a half life of not more than 30
hours at the polymerisation temperature in ques-
tion.

3. A process according to claim 2, character-
ized in that the initiator is a diacyl peroxide or a
dialkylperoxy dicarbonate.

4. A process according to claim 1, character-
ized in that the initiator is used in an excess of
from 1 to 100 per cent.

5. A process according to claim 1, character-
ized in that the reducing substance is ascorbic
acid.

6. A process according to claim 1, character-
ized in that the metal compiex is a complex of 2,2'-
bipyridyl, or a derivative thereof, or of nitrilotriacetic
acid in combination with a phase transition sub-
stance.

7. A method according to ciaim 1 or 6, char-
acterized in that the metal in the complex is cop-
per.

8. A method according to any of the preceding
claims, characterized in that the polymerisation is
carried out in aqueous suspension.
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